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Consumer products are a primary source of chemical exposures, yet little structured information is avail-
able on the chemical ingredients of these products and the concentrations at which ingredients are pres-
ent. To address this data gap, we created a database of chemicals in consumer products using product
Material Safety Data Sheets (MSDSs) publicly provided by a large retailer. The resulting database repre-
sents 1797 unique chemicals mapped to 8921 consumer products and a hierarchy of 353 consumer prod-
uct “use categories” within a total of 15 top-level categories. We examine the utility of this database and
discuss ways in which it will support (i) exposure screening and prioritization, (ii) generic or framework
formulations for several indoor/consumer product exposure modeling initiatives, (iii) candidate chemical
selection for monitoring near field exposure from proximal sources, and (iv) as activity tracers or ubiq-
uitous exposure sources using “chemical space” map analyses. Chemicals present at high concentrations
and across multiple consumer products and use categories that hold high exposure potential are identi-
fied. Our database is publicly available to serve regulators, retailers, manufacturers, and the public for
predictive screening of chemicals in new and existing consumer products on the basis of exposure and

risk.
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1. Introduction

The production and use of chemicals is a hallmark of a modern
and consumer oriented society. Within this modern society, how-
ever, there is also a growing awareness that there are thousands
of chemicals to which humans are unavoidably exposed every
day (Glegg and Richards, 2007; Sanderson et al., 2013; Weschler,
2009; Anastas et al., 2010). Of particular interest are chemicals
from anthropogenic sources that can be potentially controlled.
However, tracking and controlling these chemicals is a daunting
task since it has been estimated that there are some 80,000 differ-
ent chemicals in commerce (NTP, 2002). To evaluate the potential
risk to human health associated with the use of these chemicals,
there are two primary considerations: the chemical hazard and
exposure. Because of the large number of chemicals and limited
information about hazard or exposure, there is a need for screening
methods of evaluation that have minimal data requirements and
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can accommodate hundreds or thousands of chemicals at time (i.e.,
high throughput). Under a multi-agency initiative (NRC, 2007),
considerable progress has already been made with respect to the
development and implementation of high-throughput hazard test-
ing. Progress on toxicity testing has in part highlighted the need for
complementary high throughput evaluation of exposure.

For the purpose of high throughput exposure evaluation, there
is strong justification based on both measurement (Morgan et al.,
2005; Pellizzari et al.,, 1999; Wallace, 1987) and modeling (Lai
et al., 2000; Nazaroff et al., 2012) studies to consider first and fore-
most those chemicals that are found in consumer products. These
chemicals are brought into our homes where circumstances exist
for relatively high levels of exposure depending on a chemical’s
prevalence in products and the frequency of product use along
with chemical’s degradation or removal rates (Hertwich, 2005).
Indeed, many chemical ingredients that are reactive outdoors
become relatively persistent indoors in light of physically different
substrate (e.g. carpet twill with numerous sorption sites) and de-
creased biodegradation and photodegradation rates. More open
systems, such as the ambient atmosphere, enhance a chemical’s
decay rate compared to the more closed indoor systems (Vallero,
2010). The indoor residential environment is where people spend
a large majority of time, is where susceptible individuals (very
young and elderly and those who are sick or disabled) tend to
spend even more of their time (Klepeis et al., 2001), and is where
most consumer products tend to be stored and used. It is recog-
nized that depending on their purpose, exposure to chemicals in
consumer products can result through either direct or indirect
routes of contact (Schettler, 2006; Rudel et al., 2003; Weschler
and Nazaroff, 2008). Historical examples demonstrating both the
exposure and health risk potential of chemicals in consumer prod-
ucts that have led to their subsequent mitigation include lead in
paint and chlorpyrifos in household pesticides.

Because consumer product use is an important determinant for
human exposure to a broad range of chemicals, it follows that
information about the chemicals and their concentrations within
those products is also an important consideration. There are a
few potential sources for such information. One is Material Safety
Data Sheets (MSDSs) which are required under the Occupational
Safety and Health Administration (OSHA) Hazard Communication
Standard to include product ingredients with known toxicity. They
are intended to inform workers and emergency response personnel
of hazards and their safe management. All hazardous components
in excess of 1% (0.1% for carcinogens) are required to be disclosed
through product labeling and the MSDS. OSHA defines a hazardous
chemical very broadly as one that could possibly cause any physi-
cal or health effect under expected conditions of use or reasonably
anticipated conditions of misuse. OSHA does not require MSDSs to
be provided to consumers. However, with greater public interest
for this kind of information, many manufacturers and retailers
are providing MSDS as a public service. For example, Walmart
has made the MSDS inventory of their products available online
(http://msds.walmartstores.com) for more than 10 years. A second
source of such data is the Consumer Product Safety Commission
(CPSC). The CPSC has been collecting data of this nature for internal
use and regulatory purposes for the last four decades (Bracken and
Weiss, 1977; Byer et al., 1976). A third source is the publication
Clinical Toxicology of Commercial Products (CTCP), which was
one of the first to aggregate consumer product ingredient compen-
diums dating back three decades; it included 14,000 products and
over 900 generic product formulations (Gosselin et al., 1984). More
recent efforts by the National Library of Medicine (NLM) provide
similar data known as the Household Product Database (HPDB)
in a web-accessible format indexed by consumer product category.
The licensed form of this database is the Consumer Product Infor-
mation Database (CPID). It includes the MSDS listing and chemical

percent composition by weight when available and is soft-linked to
multiple NLM informatics resources (http://whatsinproducts.com/
). This database is unique in that it provides quantitative composi-
tion information which is critical for evaluating the exposure po-
tential (Jayjock et al., 2008). A fourth effort is underway by the
Chemical Trade Associations that represent both manufacturers
and formulators to develop a Consumer Product Ingredient Com-
munication Initiative to provide consumers with information
about ingredients in products (Egeghy et al., 2011).

Accordingly, the current research is motivated both by need and
opportunity. The large and growing number of chemicals that are
used in consumer products result in considerable exposure poten-
tial to complex mixtures; therefore, there is a need for high
throughput evaluation of exposure as a fundamental component
of risk screening. At the same time, public information is increas-
ingly available on which chemicals comprise a product. What is
lacking is the methodology for capturing the available data in a
form that supports high throughput exposure screening for rapid
risk analysis (Goldsmith et al., 2012). In this paper, we rely on
available data sources for collecting a structured set of product
compositions that can be used to inform aggregate exposure and
to generate generic product formulations used in regulatory expo-
sure assessment models (i.e. EFAST or RIVM’s ConsExpo). This
structured set of product composition we have collated is the Con-
sumer Product Chemical Profiles database (CPCPdb). The develop-
ment of this database is well aligned with the National Research
Council’s report on exposure science (NRC, 2012) espousing the
efficient development of data and the application of computational
methods to derive new models that better predict exposure. Not
only is CPCPdb a valuable tool for quantifying exposures, to aid
in risk assessments, it is a scientifically credible means for evaluat-
ing exposure potential for a large number of chemicals leading to
more effective prioritization of hazard characterization resources.
Rather than focusing first on the chemicals that are known to have
toxic effects and asking if there is a likelihood of exposure (i.e. haz-
ard-centric risk assessment), the CPCPdb can be used to identify
the chemicals with which the population has greatest contact so
in vitro and in vivo toxicity testing can be used more judiciously.
Exposure-based prioritization can be used to focus hazard identifi-
cation and assessment efforts to a subset of relevant chemicals,
streamlining the risk assessment process by reducing the dimen-
sionality of possible (i.e. all chemicals) chemical exposures to the
probable set of chemicals requiring our immediate attention.

2. Methods

The methodology for building the CPCPdb can be broken down into three major
steps:

1. Building and curating a database for consumer product ingredients and percent
compositions using available MSDSs.

2. Identifying and annotating product use categories for all products in the
database.

3. Evaluating data quality.

Descriptions of each of these efforts are contained below and captured in Fig. 1.

2.1. Building and curating a database for consumer product ingredient and percent
compositions using available MSDSs

2.1.1. Identification, retrieval, extraction

The first step necessary in the formation of the database was collecting con-
sumer product MSDSs from a publicly available source. Walmart was chosen be-
cause (a) its consumer product portfolio is relatively diverse (e.g., personal care,
automotive, arts & crafts, household pesticides, lawn/garden, cleaning, home main-
tenance, home improvement, office supplies, electronics); (b) Walmart’s omnipres-
ence in the consumer product marketplace is expected to provide a relatively
accessible, high-market share product inventory with high consumer coverage;
(c) its database of MSDS was available in Adobe PDF format; and (d) the documents
were not only publically accessible, but also available without any visible
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